Translation elongation factor Wood-inhabiting fungi a b s t r a c t Antrodia is a polyphyletic genus, comprising brown-rot polypores with annual or shortlived perennial resupinate, dimitic basidiocarps. Here we focus on species that are closely related to Antrodia crassa, and investigate their phylogeny and species delimitation using geographic, ecological, morphological and molecular data (ITS and LSU rDNA, tef1). Phylogenetic analyses distinguished four clades within the monophyletic group of eleven conifer-inhabiting species (five described herein): (1)A. crassa s. str. (boreal Eurasia), Antrodia cincta sp. nova (North America) and Antrodia cretacea sp. nova (holarctic), all three being characterized by inamyloid skeletal hyphae that dissolve quickly in KOH solution; (2) Antrodia ignobilis sp. nova, Antrodia sitchensis and Antrodia sordida from North America, and Antrodia piceata sp. nova (previously considered conspecific with A. sitchensis) from Eurasia, possessing amyloid skeletal hyphae; (3) Antrodia ladiana sp. nova from the southern part of the USA, Antrodia pinea from East Asia, and Antrodia ferox e so far known from subtropical North America, but here reported also from Eurasia. These three species have inamyloid hyphae and narrow basidiospores; (4) the North American Antrodia pini-cubensis, sharing similar morphological characters with A. pinea, forming a separate clade. The habitat data indicate that several species are threatened by intensive forestry.
Introduction
The polypore genus Antrodia was introduced by Karsten (1879) . Later Donk (1960 Donk ( , 1966 redefined the genus and selected Daedalea serpens Fr. as its type. Since then Antrodia has grown to one of the largest genera of polypores, including more than 50 species causing brown-rot of various trees (Kirk et al. 2008) . The species in Antrodia sensu lato are characterized by resupinate to effused-reflexed basidiocarps, dimitic hyphal system with clamped generative hyphae and mostly colourless skeletal hyphae, and smooth, thin walled and inamyloid basidiospores (Ryvarden & Gilbertson 1993) . Recent phylogenetic analyses based on molecular data have proven the genus to be polyphyletic as the 'core Antrodia' group comprises, besides Antrodia species that cluster in several strongly supported subsets, also species of Daedalea, Fomitopsis, and Rhodonia (Ortiz-Santana et al. 2013; Spirin et al. 2013) .
Wood-inhabiting fungi in general, and the species in genus Antrodia in particular, merit attention because of their functional roles in forest ecosystems, as well as for their practical role in forest conservation. Species of this genus participate in decaying fallen dead-wood, thereby modulating the availability of resources for several other organism groups. Some Antrodia species are extremely abundant and their functional role may thus be significant in some forest systems. Other Antrodia species have become rare and threatened due to intensive forestry and deserve attention for practical use as indicators of old-growth forest habitat (e.g. Niemel€ a 2005; Kotiranta et al. 2010) . However, their value as indicator species appears to be obscure (Runnel et al. 2014) due to the scarcity of comparative ecological and taxonomic studies.
Antrodia crassa (P. Karst.) Ryvarden is a perennial polypore occurring on gymnosperm hosts in the Northern Hemisphere (Gilbertson & Ryvarden 1986; Ryvarden & Gilbertson 1993; N uñez & Ryvarden 2001) . In taxonomical literature it has also been placed in the genus Amyloporia (Bondartsev 1953; Vampola & Pouzar 1992; Cui & Dai 2013) , typified with Amyloporia xantha (Fr.) Bondartsev & Singer, and appears to be closely related to the recently described Antrodia pinea (Cui & Dai 2013) . Antrodia crassa has been used as an indicator of natural conifer forests in North Europe (Trass et al. 1999; Niemel€ a 2005) . Recent DNA analyses of European specimens, however, showed that A. crassa includes two sibling species, differing in their ecological requirements and possibly geographic range (Runnel et al. 2014) . In addition, another species, growing in old-growth forests in Europe and so far called Antrodia sitchensis, was detected as closely related to A. crassa.
The aim of the present study was to evaluate the identity A. crassa, and its kin species in what we call the A. crassa group. For that we studied type specimens of A. crassa, A. pinea, A. sitchensis, Antrodia sordida, and 108 specimens identified to belong to these species as well as some morphologically similar species. After a comparison of morphological, ecological, geographic, and molecular data (from nuclear ITS, LSU, and tef1), we concluded that A. crassa group encompasses eleven species, including five species that are new to science. Results of this study are described and illustrated below.
Materials and methods

Morphology
Type specimens and other collections from herbaria BJFC, BPI, CFMR, H, MICH, NY, O, PRM, TAAM, TU, as well as from private herbarium of the author JV, were studied and sequenced. Herbarium acronyms are given according to Thiers (2015) . Terminology used in morphological descriptions, as well as microscopic routine and the pore measuring technique follow Miettinen et al. (2006 Miettinen et al. ( , 2012 . The following abbreviations are used in the species descriptions: L e mean basidiospore length, W e mean basidiospore width, Q e mean length/width ratio, n e total number of measurements per specimens measured.
DNA extraction, PCR, and sequencing
For most of the specimens, DNA was extracted and the nuclear internal transcribed spacer (ITS) and large subunit (LSU) rDNA; and translation elongation factor 1-ɑ (tef1) regions sequenced applying the protocols described by Tamm & Põldmaa (2013) or Spirin et al. (2013) . ITS region was amplified using the primers ITS1F (Gardes & Bruns 1993) or ITS0F-T (Tedersoo et al. 2008 ) and ITS4 (White et al. 1990) , and the first two domains of LSU using primers LR0R and LR5 (http://biology.duke.edu/fungi/mycolab/primers.htm). The large exon of tef1 was amplified with primers tef1-983.2f (GCHYCHGGN-CAYCGTGAYTTYAT) and tef1-G2r (GCDATRTGNGCRGTRTGR-CARTC), obtained by modifying the original primers by Matheny et al. (2007) . PCR products were sequenced at Macrogen Inc. (Amsterdam, The Netherlands) or at the Genomics laboratory of the Biology Centre, Academy of Sciences of the Czech Republic ( Cesk e Bud ejovice, Czech Republic). For the two oldest herbarium specimens (Davidson FP-105587 and Lowe 7834) , the primer combinations ITS1F/ITS2, and ITS3/ ITS4 were used. In this case PCR and sequencing followed Niskanen et al. (2009) , and were performed at the Faculty of Biological and Environmental Sciences, University of Helsinki. The sequences were edited and assembled in Sequencher 5.1 (Gene Codes, Ann Arbor, MI, USA).
Sequence alignment and phylogenetic analyses
We compiled five datasets for analyses. The datasets were aligned with Mafft 7 online version (Katoh & Toh 2008) , using G-INS-I algorithm, followed by manual adjustment using GeneDoc 2.6.0.3.
(1) combined ITS-LSU dataset aiming to understand the position of species in Antrodia crassa group within Fomitopsidaceae. This dataset contained a selection of sequences of brown-rot species within Fomitopsidaceae (mostly obtained from GenBank) and species in A. crassa group (mostly produced for this study). In this dataset Antrodia albobrunnea (Romell) Ryvarden was used as the outgroup. Before analyses, 94 basepairs in the beginning of LSU region were removed from the data, because in several combined sequences this region was absent. Amyloporia nothofaginea Rajchenb. & Gorj on was included in the dataset with sequences representing ITS region only. Gblocks (Castresana 2000) was used to select those regions of the sequences that were confidently aligned for analyses. The final dataset consisted of 45 sequences (of 23 species) with a length of 1251 basepairs. (2) ITS dataset, containing sequences of 12 species in A. crassa group and aiming to represent all known distribution areas for each species, and older herbarium collections. This dataset was compiled, adding the ITS sequences produced for this study to the dataset published in Runnel et al. (2014) ; and conducting BLAST searches in available public databases (GenBank and UNITE) to retrieve additional relevant sequences. In this and the two following datasets, Antrodia sinuosa was used as the outgroup. The final dataset for ITS consisted of 53 sequences (28 produced for this study) with a length of 625 basepairs. (3) tef1; (4) ITS-LSU and (5) ITS-LSU-tef1 datasets, all including a more restricted set of sequences of each of the studied species in the A. crassa group. As well as in (1), a stretch of 94 parsimony non-informative basepairs in the beginning of the LSU region were removed from the two combined multilocus datasets. The tef1 dataset consisted of 23 sequences of 598 basepairs (all produced for this study), that covered a partial large exon of tef1. The ITS-LSU dataset consisted of 33 two-locus sequences (27 LSU sequences produced for this study) with a length of 1418 basepairs. The ITS-LSU-tef1 dataset consisted of 23 three-locus sequences. Besides Antrodia pinea was included in this dataset with one combined sequence representing ITS-LSU region only. The ITS-LSU-tef1 dataset had a length of 1977 basepairs.
Data for the studied specimens and the GenBank accession numbers of their ITS, LSU, and tef1 sequences are presented in Table 1 . Sequenced collections are marked by asterisk throughout the text. The final alignments for all three datasets were stored in TreeBASE (http://www.treebase.org; accession number S17962).
The three multilocus datasets were partitioned following the optimal partitioning strategy as identified in PartitionFinder 1.1.1 (Lanfear et al. 2012 (Lanfear et al. , 2014 , using genes as initial partitions (ITS1, 5.8S, and ITS2 were considered one gene), linked branch lengths across partitions, and heuristic search algorithm (greedy algorithm). The optimal partitioning strategy identified was to analyse ITS and LSU as different partitions, and ITS and tef1 as one partition.
We conducted Maximum Likelihood (ML) and Bayesian inference (BI) phylogenetic analyses with all of the four datasets. RAÂML-HPC BlackBox 8.0.9 (Stamatakis 2014) was used for ML analyses of all datasets. The analyses were run without the invariant sites and with 1000 bootstrapping replicates. MrBayes v.3.2.1 (Ronquist et al. 2012) was used for Bayesian inference (BI) of one-gene and partitioned multilocus datasets with two parallel MCMC analyses, each consisting of seven chains, initiated from random starting trees. The analyses were run for 10 000 000 generations, sampling every 1000th generation. The first 25 % of the trees were discarded as the burn-in; at this point, the average standard deviation of split frequencies had reached (1) 0.005 for Fomitopsidaceae ITS-LSU dataset, (2) 0.007 for ITS, (3) 0.005 for tef1, (4) 0.006 for A. crassa group ITS-LSU and (5) 0.005 for ITS-LSU-tef1 datasets. Posterior probabilities (PP) were calculated from the remaining 15 002 trees in all cases. All phylogenetic analyses were run at the CIPRES Science Gateway (Miller et al. 2010) .
Results
Phylogenetic analyses
ML and BI analyses generated nearly congruent topologies of the Fomitopsidaceae ITS-LSU dataset (Fig 1) as well as the ITS (Fig 2) , tef1 (App. 1) ITS-LSU (App. 2), and ITS-LSU-tef1 (Fig 3) datasets focussing on species in A. crassa group.
The analyses of combined ITS-LSU sequences of species in the Fomitopsidaceae (Fig 1) show that species in the A. crassa group form a well-supported monophyletic clade. This clade is nested within another clade that received high pp values but low BS support and comprised the type species of Amyloporia (Amyloporia xantha) and Rhodonia (Rhodonia placenta) and four other species (A. nothofaginea, Amyloporia carbonica, A. sinuosa, and Antrodia alpina).
Analyses focussing on A. crassa and its closest relatives consistently distinguished four clades within this group (Figs 2 and 3 (D) Antrodia pinea clade. The analyses resolved three species with maximum BS and PP scores in this clade. All of these species originate from subtropical to warm temperate zones. Antrodia ferox was so far known only from subtropical parts of North America. Besides a sequence from type locality, it is here represented by a sequence of specimen growing on Juniperus sp. in Turkey. Antrodia pinea from East Asia appears to be closely related to Antrodia ladiana, sp. nov. from the southern parts of the USA, differing in 49 characters of the ITS and nLSU rDNA (tef1 sequence for A. pinea was not available).
Morphological distinction of the detected clades
Most characteristic features for the three species in the Antrodia crassa clade are rather large but easily crumbling basidiocarps with skeletal hyphae quickly dissolving in KOH; their basidiospores are broad, ellipsoid. Among these, A. crassa has small pores and ellipsoid basidiospores, Antrodia cretacea has wider pores and narrowly ellipsoid or thick cylindrical basidiospores, and Antrodia cincta is the small-pored and smallspored species. Four species in the Antrodia sitchensis clade differ in having thinner, more compact basidiocarps, distinctly amyloid skeletal hyphae, which swell but do not dissolve in KOH, and narrower, cylindrical basidiospores. The species delimitation in this group is difficult due to the minor morphological differences among species, in congruence with low interspecific variation of molecular characters studied (see above). Thus for recognition of species in this group, the geographic distribution is of major importance.
Three species in the Antrodia pinea clade are morphologically similar to A. sitchensis and its kin but their skeletal hyphae are inamyloid and subparallel in the tube trama (irregularly arranged in the A. sitchensis group). These species are distributed in warm temperate or subtropical zones. Of them, Antrodia ferox possesses fusiform to navicular basidiospores but otherwise is very similar to the closely related species. Morphological characters of Antrodia pini-cubensis resemble the members of the A. pinea clade. Etymology. Cinctus (Lat., adj.) e belted, delimited; referring to pronounced margin of vigorously growing basidiocarps.
Species descriptions
Basidiocarps resupinate, effused (up to 20 cm in widest dimension), perennial. Margin first arachnoid to byssoid, sterile, white, in older basidiocarps indistinct, partly detaching from the substrate, dirty-brown to grayish. Pore surface white, later cream-coloured, even; pores regular, round, on sloping substrates vertically elongated, usually shallow and filled by whitish mycelium, 6e7 per mm, dissepiments thick, opaque, uneven. Section: subiculum white, soft, and easily crumbling, up to 0.2 mm thick, in older basidiocarps indistinct; tubes concolorous with pore surface, cheese-like in fresh condition, fragile in herbarium specimens, indistinctly stratified, 2e5 (8) mm thick. Odour pleasant, sweet; taste weak, slightly bitter or sour.
Hyphal structure dimitic; hyphae with clamps. Subiculum. Skeletal hyphae dominating, subsolid or solid, rarely branched, 2.7e3.8 mm in diam., inamyloid or very weakly amyloid, swelling and dissolving in KOH, some hyphae with inflated fragments (sclerids) 4.5e6 mm in diam. Generative hyphae rare, thin-walled, 2e3 mm in diam.
Tubes. Skeletal hyphae dominating, irregularly arranged, thick-walled to subsolid, occasionally branched, some strongly twisted, (2.3e) 2.6e3.7 (À3.8) mm in diam. (n ¼ 40/2), inamyloid or very weakly amyloid, distinctly swelling and dissolving in KOH; generative hyphae thin-walled, 2.2e3.5 mm in diam. Subhymenium partly distinct, consisting of thin-walled generative hyphae, up to 10 mm thick. Cystidioles abundant, especially in senescent hymenium, conical, bullet-or bottleshaped, usually with blunt tips, (10.4À) 12.1e18.6 (À20.5) Â (4.0À) 4.1e5.3 (À5.4) mm (n ¼ 20/2). Basidia broadly clavate, (10.4À) 10.6e16.3 (À16.5) Â (5.3e) 5.4e6.4 (À6.7) mm (n ¼ 20/2). Resinous matter abundant, present as globules up to 10 mm in diam.; rhomboid crystals rarely present among tramal hyphae.
Basidiospores ellipsoid to thick cylindrical (longest spores), (3.6À) 3.7e7.2 (À7.6) Â (2.4À) 2.5e3.4 (À3.7) mm (n ¼ 90/3), L ¼ 4.60, W ¼ 2.85, Q ¼ 1.47e1.71, ventral side flat, rarely slightly convex or concave, distal end evenly rounded, often with distinct oil droplets.
Discussion. Antrodia cincta is easily recognizable due to its basidiospores that are distinctly narrower and normally shorter than in Antrodia crassa and Antrodia cretacea (Table 2) . Its tramal skeletal hyphae, basidia, and cystidia are more slender than in those species. The most striking macroscopic feature of A. cincta is a loose byssoid margin of vigorously growing basidiocarps. This character was mentioned by Lowe (1966) whose description of A. crassa partly covers the species in question. Antrodia cretacea, occurring in North America as well, differs in having wider pores and larger basidiospores. The latter species is not found on pine wood in North America.
Distribution and ecology. Antrodia cincta is a pine-dwelling species inhabiting large dry lying trunks. The known records of A. cincta come from both untouched and exploited forests. Here it is reported from the US North-West (from Pinus strobus) and Arizona (from Pinus ponderosa). The record of A. crassa from New Mexico (Gilbertson 1974) Basidiocarps resupinate, effused (up to 20 cm in widest dimension), perennial. Margin first distinct, sterile, densely floccose, later brown, and resinous, up to 2 mm wide, in older specimens indistinct. Pore surface first cream-to straw-coloured, later with distinct ochraceous or brownish hues, on sloping substrates normally even; pores round, regular, on sloping substrates elongated, (5) 6e7 per mm, dissepiments thick, opaque, first even, later moderately lacerate. Section: subiculum white or near so, up to 1 mm thick, in older basidiocarps degenerating in chalky mass fusing with older tube layers and adjacent substrate; tubes concolorous with pore surface, cheese-like in fresh condition, relatively hard but easily cut in herbarium specimens, with distinct annual layers, 2e10 mm thick (each layer 1e2 mm thick). Odour pleasant, strong, persisting in herbarium specimens; taste clearly bitter or sour. Hyphal structure dimitic; hyphae with clamps. Subiculum. Skeletal hyphae dominating, subsolid, 3e4 mm in diam., inamyloid, strongly swelling, and dissolving in KOH. Generative hyphae rare, with thickened walls and oil-rich, strongly cyanophilous content, 2.5e3.5 mm in diam. In older basidiocarps hyphae almost totally degenerating in amorphous crystalline mass and thus indiscernible.
Tubes. Skeletal hyphae dominating, irregularly arranged, thick-walled to subsolid, occasionally branched, some strongly twisted, (2.0À) 2.3e4.2 (À4.3) mm in diam. (n ¼ 80/4), inamyloid, strongly swelling and dissolving in KOH; generative hyphae thin-to slightly thick-walled, some with cross (H-like) connections, 2.5e4 mm in diam. Subhymenium partly distinct, consisting of thin-walled generative hyphae, up to 15 mm thick. Cystidioles abundant, especially in senescent hymenium, conical, bullet-or bottle-shaped, mostly with blunt tips, (12.3À) 12.8e22.2 (À24.3) Â (4.7À) 4.8e7.6 (À8.2) mm (n ¼ 38/5). Basidia broadly clavate, (10.4À) 10.6e19.2 (À22.6) Â (5.5À) 5.8e9.2 (À10.8) mm (n ¼ 37/6). Resinous matter abundant, in young basidiocarps present as globules up to 15 mm in diam., in older ones as large amorphous bodies up to 40 mm in diam.; rhomboid crystals sometimes present among tramal hyphae.
Basidiospores ellipsoid to narrowly ellipsoid (longest spores), (4.8À) 4.9e8.2 (À9.0) Â (2.9À) 3.0e3.8 (À4.0) mm (n ¼ 240/8), L ¼ 5.54, W ¼ 3.31, Q ¼ 1.59e1.74, ventral side slightly convex or flat, distal end evenly rounded.
Discussion. Antrodia crassa was described as P. crassus P. Karst. (Karsten 1889) based on several specimens collected on pine wood in Mustiala, the south-western part of Finland. The protologue represents a short formal description with a reference to Physisporus obducens (Pers.) P. Karst. (now Oxyporus obducens (Pers.) Donk) as the most similar species. The lectotype of P. crassus (selected by Lowe 1956 ) is a very typical, richly fertile collection.
Macroscopically, A. crassa can easily be identified due to its clearly stratified, thick, pulvinate basidiocarps with small, normally regular pores 6e7 per mm. Pore surface is usually yellowish or pale ochraceous (as if it is soaked in oil) and flat or convex; notched surface was detected only in a few very old basidiocarps more than 1 cm thick. The basidiospores of A. crassa are ellipsoid, constantly exceeding 3 mm wide; however, their variation range mostly overlaps that of A. cretacea (see below).
Distribution and ecology. Antrodia crassa is distributed in North Europe and the boreal zone of Asia. It grows on tough lying trunks of P. sylvestris and Pinus koraiensis in dead-wood rich mature to old pine forests (Junninen 2009 Etymology. Cretaceus (Lat., adj.) e chalky; referring to the basidiocarp consistence.
Basidiocarps resupinate, widely effused (up to 40 cm in widest dimension), perennial. Margin first distinct, whitish to cream-coloured, sterile, densely floccose and partly detaching from the substrate, later usually brownish or grayish, degenerating in crumbling mass, up to 2 mm wide, in senescent basidiocarps sometimes up to 5 mm or even more. Pore surface first whitish to cream-coloured, later yellowishochraceous or brownish, on sloping substrates certainly stepwise-like; pores roundish to angular, on sloping substrates vertically elongated, 4e6 (7) per mm, dissepiments thick, opaque, first wavy, later moderately lacerate. Section: subiculum white or near so, easily crumbling, up to 1 mm thick, in older basidiocarps degenerating in chalky mass fusing with older tube layers and underlying substrate; tubes concolorous with pore surface or slightly paler, cheese-like in fresh condition, soft, and easily cut in herbarium specimens, with indistinct annual layers, 2e8 (10) mm thick. Odour pleasant, faint, or absent; taste slightly bitter or sour, in herbarium specimens usually indistinct. Hyphal structure dimitic; hyphae with clamps. Subiculum. Skeletal hyphae dominating, with capillary lumen or subsolid, 2.9e4 mm in diam., faintly amyloid (reaction indistinct), strongly swelling and dissolving in KOH. Generative hyphae rare, with thickened walls and oil-rich, strongly cyanophilous content, 2e3.5 mm in diam. Resinous matter abundant, usually producing globose bodies up to 20 mm in diam.
Tubes. Skeletal hyphae dominating, irregularly arranged, thick-walled to subsolid, occasionally branched, some strongly twisted, (2.5À) 2.6e4.1 (À4.3) mm in diam. (n ¼ 80/5), faintly amyloid (very pale violet in IKI) or inamyloid, strongly swelling and dissolving in KOH; generative hyphae thin-to slightly thick-walled, 2.5e4 mm in diam. Subhymenium usually distinct, consisting of thin-walled generative hyphae, up to 20 mm thick. Cystidioles abundant, bottle-shaped, with sharpened or blunt tips, some bifurcate, (10.8À) 12.0e21.6 (À24.3) Â (4.1À) 4.2e6.1 (À6.3) mm (n ¼ 37/4). Basidia broadly clavate, (11.3À) 13.2e20.2 (À22.6) Â (4.5À) 4.7e8.1 (À8.8) mm (n ¼ 57/8). Resinous matter relatively rare in some specimens, abundant in others, in young basidiocarps present as globules up to 10 mm in diam., in older ones as large amorphous bodies up to 25 mm in diam. or even more.
Basidiospores narrowly ellipsoid to thick cylindrical, (4.5À) 4.6e7.9 (À8.2) Â (2.6À) 2.7e4.0 (À4.2) mm (n ¼ 410/14), L ¼ 5.38, W ¼ 3.14, Q ¼ 1.58e1.83, ventral side flat or slightly convex, rarely a bit concave, longest basidiospores slightly tapering to the distal end.
Discussion. In macroscopic terms, A. cretacea looks like an intermediate between A. crassa and Antrodia piceata/Antrodia sitchensis. The specimens we studied were mislabelled either as A. crassa or as A. sitchensis with approximately the same frequency. Antrodia crassa has denser and longer-lasting basidiocarps with smaller and more regular pores; usually, it does not produce stepwise-like growths on sloping substrates, very characteristic to A. cretacea. In older basidiocarps of the latter species the lowest tube layers and context quickly fuse into a crumbling mass, which deeply gorges the underlying substrate and thus firmly fastens them. In contrast, A. crassa mostly produces loose mycelial films filling fissures of the underlying wood; the substrate (the so-called 'kelo' e Niemel€ a et al. 2002) is usually so hard that the oldest basidiocarps easily detach from it.
The microscopic differences of A. cretacea from A. crassa are very subtle e basidiospores are normally thinner in A. cretacea, thick cylindrical to narrowly ellipsoid (Table 2) . However, attention should be payed to the age of observed basidiocarps because senescent specimens of A. cretacea produce basidiospores which may be even wider than in A. crassa. Antrodia sitchensis in North America and A. piceata in Eurasia are macroscopically similar to A. cretacea. However, basidiospores of these species are narrower and cylindrical (Table 2, Fig 5) . In addition, skeletal hyphae of these species do not change in KOH, and possess a clear amyloid reaction. The latter character may be used for identification if the specimen at hand is sterile.
Pil at (in Kavina & Pil at 1936e1942) listed Polyporus subfuscoflavidus Rostk. as a possible synonym of Poria crassa P. Karst. The latter species was described from Germany or, possibly, Poland (the former Prussia) as a large resupinate polypore growing on spruce. The substrate fits well with A. cretacea; however, the picture published by Rostkovius (1848) displays a largepored species with yellowish-grayish tubes. Fries's (1874) redescription of P. subfuscoflavidus refers to the oak-dwelling species found in Sweden. Unfortunately, no original collections of P. subfuscoflavidus exist. Romell (1926) stated an uncertain identity for this species that will be dealt with in more detail in a future study; it does not belong to the A. crassa group.
Distribution and ecology. Antrodia cretacea occurs in temperate and boreal zones of Europe, East Asia, and North America. In Europe its distribution is more southern than that of A. crassa, and it preferably grows on lying trunks or stumps of Antrodia ferox is the North American species inhabiting dead juniper wood. One specimen collected in Turkey (Klepsland 277) was found to be very similar to the North American taxon but to differ in having shorter and narrower basidiospores and slightly wider pores (Table 2) . While the material is scanty, the ITS data supported its identification as the first record of A. ferox from Eurasia. A modern description of this species is presented by Gilbertson & Ryvarden (1986 Etymology. Ignobilis (Lat., adj.) e ignoble, plebeian; referring to absence of striking macroscopic features.
Basidiocarps resupinate, widely effused (up to 15 cm in widest dimension), perennial. Margin distinct, whitish to cream-coloured or pale ochraceous, sterile, densely floccose, in young basidiocarps partly detaching from the substrate. Pore surface first whitish to cream-coloured, later with yellowish or ochraceous hues, in oldest parts with resinous stains (as if soaked by oil); pores roundish to angular or sinuous, on sloping substrates vertically elongated and open, 6e8 per mm, dissepiments first even, later moderately lacerate. Section: subiculum white or near so, easily crumbling, up to 1 mm thick, in older basidiocarps degenerating in chalky mass; tubes concolorous with pore surface or slightly paler, cheese-like in fresh condition, soft and easily cut in herbarium specimens, with distinct annual layers, (0.5) 1e5 mm thick. Odour pleasant, faint, or absent; taste slightly bitter or sour, in herbarium specimens usually indistinct.
Hyphal structure dimitic; hyphae with clamps. Subiculum. Skeletal hyphae dominating, with capillary lumen or subsolid, (2.2À) 2.3e3.3 (À3.4) mm in diam. (n ¼ 20/1), very faintly amyloid, swelling inwards in KOH. Generative hyphae rare, with thickened walls and oil-rich, strongly Tubes. Skeletal hyphae dominating, irregularly arranged, thick-walled to subsolid, occasionally branched, some strongly twisted, (2.0À) 2.3e3.6 (À3.8) mm in diam. (n ¼ 40/2), weakly amyloid (pale violet in IKI, in some specimens reaction indistinct), swelling inwards but not dissolving in KOH, sparse at the tube orifices; generative hyphae thin-to slightly thickwalled, 1.5e2.5 mm in diam. Subhymenium usually distinct, consisting of thin-walled generative hyphae, up to 30 mm thick. Cystidioles abundant, bullet-shaped, mostly with blunt tips, (10.2À) 10.9e17.1 (À19.6) Â (3.0À) 3.1e5.2 (À5.5) mm (n ¼ 25/2). Basidia clavate-pedunculate, (10.8À) 11.0e17.2 (À17.3) Â (4.7À) 4.8e6.0 (À6.2) mm (n ¼ 24/2). Resinous matter abundant, present as droplets or globules up to 15 mm in diam.
Basidiospores thick cylindrical, (3.6À) 3.7e5.3 (À5.7) Â (1.9À) 2.0e2.4 (À2.7) mm (n ¼ 120/4), L ¼ 4.31, W ¼ 2.17, Q ¼ 1.95e2.01, ventral side slightly concave, longest spores slightly tapering to the distal end.
Discussion. A. ignobilis is morphologically similar to A. sitchensis, differing in having smaller pores and shorter spores (Tables 2 and 3 ). Moreover, the lowest parts of the tube dissepiments in A. ignobilis possess very scanty skeletal hyphae and therefore look almost monomitic, in contrast to the strongly dimitic dissepiment edges of A. sitchensis. Basidiocarps of A. ignobilis are often easily detaching from the substrate, possessing inrolling parts, and its senescent fruitbodies disintegrate in crumbling chalk-like mass. In addition, the distribution range of A. ignobilis and A. sitchensis are different.
Distribution and ecology. Antrodia ignobilis is found in Arizona and New Mexico (USA); it inhabits dry lying trunks of P. ponderosa and Pinus strobiformis. Previous records of A. sitchensis from these states (Gilbertson 1974) Etymology. Ladianos (Greek, adj.) e greasy; referring to numerous droplets exuding in microscopic mountants.
Basidiocarps resupinate, up to 15 cm in widest dimension, perennial. Margin distinct, whitish to cream-coloured, sterile, densely floccose, firmly attached. Pore surface cream-coloured, later with ochraceous or light brownish hues (as if soaked by oil); pores angular, variable and of irregular size, 4e6 (7) per mm, dissepiments thin, semitransluscent, first even, later minutely serrate. Section: subiculum white, densely floccose, up to 0.1 mm thick; tubes concolorous with pore surface, soft leathery and easily cut in herbarium specimens, no distinct annual layers, 0.3e1.5 mm thick. Odour absent; taste indistinct.
Hyphal structure dimitic; hyphae with clamps. Subiculum. Skeletal hyphae dominating, irregularly arranged, with capillary lumen or subsolid, 2e3 mm in diam., inamyloid, slightly swelling in KOH. Generative hyphae rare, with thickened walls, 2.5e3.5 mm in diam. Resinous matter absent.
Tubes. Skeletal hyphae dominating, subparallel, thickwalled to subsolid, 2.0e4.1 (À4.5) mm in diam. (n ¼ 40/2), inamyloid, slightly swelling in KOH; generative hyphae thin-to slightly thick-walled, 2.2e3.2 (3.5) mm in diam. Subhymenium distinct in young basidiocarps, 15e20 mm thick, composed by delicate easily collapsing generative hyphae. Cystidioles abundant, bullet-shaped, with blunt tips, rarely tapering, (8.8À) 9.4e13.1 (À13.2) Â (3.8À) 3.9e4.6 (À5.4) mm (n ¼ 30/2). Basidia clavate, (8.3À) 9.2e13.1 (À15.4) Â (4.1À) 4.3e5.2 (À5.3) mm (n ¼ 30/2). Resinous matter absent, crystals occasionally present, rhomboid or polygonal, 5e15 mm wide.
Basidiospores cylindrical, (4.4À) 4.5e6.1 (À6.3) Â (1.5À)
.12, ventral side flat, rarely slightly concave, longest spores slightly tapering to the distal end.
Discussion. According to morphological and DNA data, A. ladiana is closely related to A. ferox and A. pinea from East Asia. Antrodia ferox differs in having peculiar basidiospores and it inhabits juniper wood. Antrodia pinea has smaller pores (6e8 per mm) and large rhomboid crystals among hyphal tissues; it is distributed in East Asia. Antrodia pini-cubensis from the Caribbean is morphologically similar to A. ladiana as well, although it is not closely related. It differs in having more deeply coloured, bright ochraceous basidiocarps and a presence of abundant oily droplets in microscopic mounts. Microscopically, it is almost identical to A. ladiana except slightly wider cystidioles and basidia. A good hint for recognizing these species is the shape of pores which show a highly variable diameter in A. ladiana but more or less regular and in general smaller in A. pini-cubensis.
Distribution and ecology. So far the species is known only from two localities in warm temperate to subtropical regions in southwestern and souteastern USA, growing on lying trunks of Pinus spp. The specimen from Florida was collected from a charred lying trunk of Pinus elliottii, on which it was growing side by side with A. pini-cubensis.
Specimens examined. USA. Etymology. Piceatus (Lat., adj.) e resinous; referring to resinous-brown margin of old basidiocarps.
Basidiocarps resupinate, large, covering several decimetres, perennial. Margin distinct, first whitish to cream-coloured or pale ochraceous, sterile, leathery, firmly attached, in older basidiocarps becoming resinous, dark brown to almost black, up to 3 mm wide. Pore surface first cream-coloured, later pale ochraceous to dirty orange, even to stepwise-like; (n ¼ 150/7), amyloid (grey in IKI), slightly swelling in KOH; generative hyphae thin-to slightly thick-walled, 2e3.5 mm in diam. Subhymenium distinct in some specimens, up to 20 mm thick. Cystidioles abundant, bullet-shaped, with blunt tips, or sharp-pointed, (10.2À) 10.3e17.6 (À19.3) Â (3.6À) 3.7e6.3 (À6.6) mm (n ¼ 60/7). Basidia broadly clavate, with narrowed base, (10.2À) 10.3e18.6 (À20.1) Â (4.3À) 4.4e7.2 (À7.8) mm (n ¼ 60/5). Resinous matter present as small droplets, abundant to scanty.
Basidiospores cylindrical to thick cylindrical (bean-shaped), (3.7À) 3.9e6.8 (À7.4) Â (1.6À) 1.7e2.8 mm (n ¼ 330/11), L ¼ 4.63, W ¼ 2.10, Q ¼ 1.86e2.49, ventral side flat or slightly concave, longest spores slightly tapering to the distal end.
Discussion. The distinction of A. piceata from morphologically similar species relies mainly on the DNA characters and distribution ranges. Its closest relatives are A. sitchensis and A. sordida from North America. In earlier treatments of European polypores, A. piceata has been mislabelled with both of these names (David & Torti c 1984; Niemel€ a et al. 1992; Vampola & Pouzar 1992; Ryvarden & Gilbertson 1993; Ryvarden & Melo 2014) . However, our data show that A. sitchensis and Antrodia sordida do not occur in Eurasia. Morphological differences between these three species are minute. Antrodia sordida seems to be more distinct in morphological terms, having smaller pores, narrower skeletal hyphae, shorter basidia, and slightly narrower basidiospores. In microscopic characters, A. piceata is almost identical to A. sitchensis, and with extremely large infraspecific variation of basidiospores (Table 2) . Antrodia piceata has on the average smaller pores than A. sitchensis, and the pore surface of older basidiocarps is more deeply coloured (especially in the winter) and often stepwise.
Distribution and ecology. Most records of A. piceata are from old-growth forests, where it inhabits large lying trunks of co Basidiocarps resupinate, effused (up to 20 cm in widest dimension), perennial. Margin first narrow (up to 0.3 mm wide), pale cream-coloured, in older basidiocarps degenerating. Pore surface pale yellow to pale ochraceous, in older basidiocarps with grey hues; pores roundish to angular, on sloping surfaces elongated, 6e8 per mm, dissepiments thin, opaque, even or slightly wavy. Section: subiculum first white, thin (up to 0.2 mm), later degenerating in crumbling amorphous mass; tubes one-layered or indistinctly stratified, soft chalky, easily crumbling, 0.5e1.5 mm thick. No distinct odour; taste mild.
Hyphal structure dimitic; hyphae with clamps. Subiculum. Skeletal hyphae dominating, irregularly arranged, with capillary lumen or subsolid, (1.9À) 2.0e2.7 (À2.8) mm in diam. (n ¼ 20/1), inamyloid, slightly swelling in KOH. Generative hyphae rare, with thickened walls, 1.5e2.5 mm in diam. Resinous matter present in senescent parts as irregular bodies on hyphae.
Tubes. Skeletal hyphae dominating, subparallel, thickwalled with capillary lumen, (1.8À) 2.0e3.3 (À3.4) mm in diam. (n ¼ 40/2), inamyloid, slightly swelling in KOH; generative hyphae thin-to slightly thick-walled, 2e3 mm in diam. Subhymenium distinct in some parts, up to 30 mm thick. Cystidioles abundant, bottle-shaped with sharp tips, rarely tapering blunt-tipped, (9.8À) 9.9e13.4 (À15.0) Â (3.2À) 3.5e4.9 (À5.3) mm (n ¼ 20/1). Basidia clavate, with narrowed base, (9.7À) 10.1e14.7 (À15.8) Â (4.4À) 4.6e5.3 (À5.4) mm (n ¼ 20/1). Resinous matter abundant, present in older basidiocarps as globules or large amorphous bodies up to 30 mm wide. Rhomboid crystals abundant on tramal hyphae, up to 25 mm in longest dimension.
Basidiospores cylindrical, (4.7À) 5.0e6.1 (À6.2) Â (1.7À) 1.8e2.0 (À2.2) mm (n ¼ 30/1), L ¼ 5.48, W ¼ 1.92, Q ¼ 2.87, ventral side flat, longest spores arcuate near apiculus and slightly tapering to the distal end.
Discussion. This species was recently described as belonging to the genus Amyloporia (Cui & Dai 2013) as outlined by Rajchenberg et al. (2011) . Morphologically, it is most similar to the North American A. ladiana and A. pini-cubensis. Antrodia piceata, widely distributed in the boreal zone of Eurasia, differs from A. pinea in having larger and tougher basidiocarps, wider pores and amyloid skeletal hyphae.
Distribution and ecology. Antrodia pinea was described based on several collections from the southern part of China (Cui & Dai 2013) , and it was reported as growing on lying trunks of Pinus spp. We found it also from Russian Far East on a lying trunk of P. ajanensis. The species evidently prefers xerophilic habitats.
Specimens examined. Basidiocarps resupinate, effused (up to 7 cm in widest dimension), perennial. Margin first narrow (up to 0.5 mm wide), white to pale cream-coloured, in older basidiocarps degenerating. Pore surface bright ochraceous, contrasting with paler margin, in older basidiocarps with resinous-brown hues; pores round, more or less regular, on sloping surfaces elongated, (5) 6e7 per mm, dissepiments rather thick, opaque, even or slightly wavy. Section: subiculum first white, very thin (less than 0.1 mm), later degenerating in crumbling amorphous mass; tubes one-layered or indistinctly stratified, soft leathery or chalky, 0.5e2 mm thick. No distinct odour; taste mild.
Hyphal structure dimitic; hyphae with clamps. Subiculum. Skeletal hyphae dominating, with capillary lumen or subsolid, (2.0À) 2.2e2.7 (À2.8) mm in diam. (n ¼ 20/1), inamyloid, slightly swelling in KOH. Generative hyphae rare, with thickened walls, 1.5e2.5 mm in diam. Resinous matter present as irregular bodies on hyphae.
Tubes. Skeletal hyphae dominating, subparallel, thickwalled to subsolid, (1.9À) 2.1e3.2 (À3.3) mm in diam. (n ¼ 40/ 2), inamyloid, slightly swelling in KOH; generative hyphae thin-to slightly thick-walled, 2e3 mm in diam. Subhymenium distinct in some parts, up to 10 mm thick. Cystidioles abundant, bullet-shaped, with blunt tips, rarely tapering, (8.4À) 9.0e13.2 (À13.8) Â (4.1À) 4.2e5.9 (À6.3) mm (n ¼ 20/1). Basidia broadly clavate, with narrowed base, (9.2À) 9.7e13.7 (À13.8) Â (5.2À) 5.3e6.6 (À6.7) mm (n ¼ 20/1). Resinous matter abundant, present as small droplets, in older basidiocarps producing large amorphous bodies up to 20 mm wide.
Basidiospores cylindrical, (5.1À) 5.2e6.2 (À6.4) Â (1.9À) 2.0e2.2 (À2.3) mm (n ¼ 30/1), L ¼ 5.48, W ¼ 2.09, Q ¼ 2.63, ventral side flat, longest spores slightly tapering to the distal end.
Discussion. The original description of A. pini-cubensis (Vampola et al. 1994 ) was based on two specimens from the eastern part of Cuba collected on P. cubensis. Its differences from the morphologically similar A. ladiana are listed above.
Distribution and ecology. Antrodia pini-cubensis is distributed in the Caribbean and so far known from Cuba and Florida.
Specimens examined. Basidiocarps resupinate, large, covering several decimetres, perennial. Margin distinct, first whitish to cream-coloured, sterile, leathery, firmly attached or partly detaching, in older basidiocarps becoming resinous and dark brown to almost black, up to 2 mm wide. Pore surface first cream-coloured, later pale ochraceous, even to indistinctly stepwiselike; pores roundish to angular, on sloping substrates open, 4e6 (7) per mm, dissepiments first even, later minutely serrate. Section: subiculum white, first leathery, in older basidiocarps degenerating in chalky mass, up to 0.2 mm thick; tubes concolorous with pore surface, cheese-like in fresh condition, woody hard but rather easily cracking in herbarium specimens, annual layers distinct, 1.5e12 mm thick. Odour pleasant, sweet; taste slightly bitter or sour.
Hyphal structure dimitic; hyphae with clamps. Subiculum. Skeletal hyphae dominating, mostly solid, (2.8À) 2.9e4.0 (À4.2) mm in diam. (n ¼ 20/1), amyloid (grey in KOH), slightly swelling in KOH. Generative hyphae with thin or thickened walls, 2.5e3.5 mm in diam. Resinous matter abundant, present as droplets up to 15 mm wide.
Tubes. Skeletal hyphae dominating in trama, irregularly arranged, thick-walled to subsolid, (2.1À) 2.3e4.2 (À4.7) mm in diam. (n ¼ 120/6), amyloid (grey in IKI), slightly swelling in KOH; generative hyphae thin-to slightly thick-walled, 2.5e4 mm in diam. Subhymenium distinct in some specimens, up to 20 mm thick. Cystidioles abundant, bullet-shaped, with blunt tips, or sharp-pointed, (9.8À) 10.8e19.2 (À19.4) Â (3.4À) 3.7e5.3 (À5.5) mm (n ¼ 40/4). Basidia broadly clavate, with narrowed base, (12.0À) 13.6e20.0 (À20.2) Â (4.7À) 5.1e7.1 (À7.2) mm (n ¼ 50/3). Resinous matter present as small droplets, abundant to scanty.
Basidiospores cylindrical to thick cylindrical (bean-shaped), (3.9À) 4.1e6.8 (À7.6) Â (1.8À) 1.9e2.9 (À3.2) mm (n ¼ 180/6), L ¼ 4.80, W ¼ 2.21, Q ¼ 1.79e2.48, ventral side flat or slightly concave, longest spores slightly tapering to the distal end.
Discussion. This species was described by Baxter (1938) from the Pacific coast of Alaska. We studied its type as well as all
Discussion
Morphological and phylogenetic revision of the Antrodia crassa group revealed eleven species (including five new species) in the boreal to subtropical zones of the Northern Hemisphere. The monophyletic group of these species appeared most closely related to species of Antrodia and Amyloporia, including the type of the latter genus, Amyloporia xantha. Similar results from earlier works, comprising only a few members of the A. crassa group, have led to their inclusion in Amyloporia (Rajchenberg et al. 2011; Cui & Dai 2013) . However, recent phylogenetic analyses by Ortiz-Santana et al. (2013) do not support the monophyly of Amyloporia with respect to its expanded concept, introduced by Rajchenberg et al. (2011) . Our results distinguished several well-supported groups involving species combined into Amyloporia. However, the larger clade including all of these groups received controversial support and comprised also the type of Rhodonia, Rhodonia placenta. Since the morphological characterisation of the resulting heterogenous assemblage is infeasible, we anticipate further generic splitting of Amyloporia sensu Rajchenberg et al. (2011) . For the time being, we prefer to retain the wide concept of Antrodia as defined by Ryvarden (1991) . Therefore we have described all
